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Background: Acetabular revision arthroplasty with major bone loss is one of the most difficult operations in
orthopedic surgery. The goal of the study was to evaluate midterm clinical results of the use of morselized
allografts with cemented cage support in revision total hip replacement.
Methods: We identified 28 patients (29 hips) at an average follow-up of 73 months. Harris Hip Scores (HHS) were
assessed before and after surgery. Pre- and postoperative radiographs were evaluated for restoration of the center
of rotation, component migration, and graft incorporation.
Results and discussion: At follow-up, the mean HHS improved from 34 (range, 20–45) to 80 (range, 71–98) points.
None of the components had been re-revised. On average, the revised hip center of rotation was improved
significantly. Incorporation of the graft was complete in 23 hips. The midterm result of cage reconstruction with
morselized bone allograft is relatively better than other studies using a similar cage construction. We believe we
have three special modifications of this reconstruction technique that are beneficial for bone incorporation.
Conclusions: These data confirm that acetabular reconstruction using morselized allografts and cemented
acetabular cages is effective in the midterm as a treatment for acetabular loosening with massive bone deficiency.
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Acetabular revision arthroplasty with major bone loss is
one of the most difficult operations in orthopedic sur-
gery. The primary goal of surgery is to obtain a stable,
durable reconstruction. Secondary goals include recon-
stituting bone stock, restoring the hip center of rotation
to the anatomical location, and minimizing leg-length
discrepancies. To meet these goals, the use of bone graft
and reconstruction cage devices in acetabular revisions
has become the popular surgery for this form of major
bone loss.
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© 2015 Ding et al.revise massive acetabular deficiencies. Success rates for
the use of these cages with morselized bone to recon-
struct massive acetabular defects have ranged from 41 to
100 % at intermediate-term follow-up [1–5]. There are
few papers focused on failures in cage construction.
Böhm and Banzhaf [6] identified three factors that corre-
lated with failure: lack of radiographic incorporation of
the allograft, graft resorption, and the use of a particu-
late (morselized) as opposed to a bulk (structural) allo-
graft. In contrast, Sembrano and Cheng [7] concluded
that no single preoperative factor (age, gender, severity
of pelvic defect, degree of heterotopic ossification, differ-
ence in limb lengths, or center of rotation) or intraoper-
ative factor (type of bone graft, type of cage, changes in
limb length, or center of rotation) predicted cage failure.
But most studies report that the failure of revision is
caused by a failure of bone integration. A reconstruction
composed of the host bone, an allograft, and an implant
will be successful only if the entire compound remains
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various sources of failure are related to two biomechan-
ical situations: insufficient primary stability or poor in-
corporation of the allograft into the host bone. Sun et al.
[8] proposed that the incorporation of the allograft is a
vital factor for the success of acetabular cup revision.
The primary cause of cup radiographic failures in his
study was the failure of the allograft incorporation.
With the use of an acetabular reconstruction cage, pri-
mary stability is not difficult to achieve. Thus, we focused
more attention on the incorporation of the allograft to the
host bone. The purpose of our retrospective study is to re-
view data from our 4- to 9-year follow-up evaluation of
complex acetabular revisions with morselized bone allo-
grafts and cemented cage supports. Our goals are to
achieve excellent primary stability and to perfect allograft
incorporation during and after the operation.
Patients and methods
Patients
This study was approved by the ethics committee of
Shanghai Ninth People’s Hospital and Shanghai Pudong
Hospital. Written informed consents were obtained from
all participants.
We treated 30 patients with morselized allograft and
acetabular reinforcement cages at our institution be-
tween 2005 and 2010. The patients were followed up for
a minimum of 4 years. Two patients were lost due to
failure to follow up, leaving 28 patients (29 hips) for re-
view. The overall follow-up averaged 73 months (range,
48–108).
The average age at primary hip arthroplasty was 43 years
(range, 25–60). The average age at acetabular revision was
61 years (range, 43–75). The diagnosis leading to the ori-
ginal THA was osteoarthritis in seven hips, femoral neck
fracture in six hips, developmental dysplasia in four hips,
ankylosing spondylitis in three hips, rheumatoid arthritis
in three hips, avascular necrosis in five hips, and a bone
tumor in one hip. The original acetabular arthroplasty was
uncemented in 16 hips and cemented in 10 hips, and bi-
polar hemiarthroplasty was performed for 3 hips. The
reason for failure and the need for subsequent revision
of all 29 hips was aseptic loosening. The average num-
ber of prior hip operations was 1.4 (range, 1–3). The
type and extent of the acetabular deficiency was deter-
mined from preoperative radiographs and confirmed by
intraoperative findings. The deficiencies were classified
according to the system devised by Paprosky et al. [9].
Depending on the roentgenographic and intraoperative
findings on the acetabulum, the acetabular deficiency
was classified according to the classification system of
Paprosky classification [9]: 2B, 3 hips (10 %); 2C, 2 hips
(7 %); 3A, 14 hips (48 %); and 3B, 10 hips (35 %). No pa-
tients had pelvic discontinuity.Clinical and radiological assessments
The results were analyzed with respect to both clinical
and radiographic parameters. Harris Hip Scores (HHS)
[10] were obtained both preoperatively and at the latest
follow-up. Hips with scores ranging from 90 to 100 points
were graded as having excellent results, hips with scores
ranging from 80 to 89 points were graded as having good
results, those hips with scores ranging from 70 to 79
points were graded as having fair results, and those with
scores <70 points were graded as having poor results.
The radiographs were measured preoperatively, imme-
diately postoperatively, and at final follow-up, similar to
the method described by Peters et al. [11]. Two lines
were drawn: a horizontal inter-teardrop reference line
and a perpendicular reference line through the teardrop.
When the teardrop was destroyed, preoperative roent-
genograms with an intact teardrop or an opposite tear-
drop were adopted as a symmetric reference point. We
measured the changes in distance between the center of
hip rotation and two reference lines. Vertical distance
was defined as the distance between the center of hip
rotation and horizontal inter-teardrop reference line.
Horizontal distance was defined as the distance between
the center of hip rotation and perpendicular reference
line. The magnification of radiographs was corrected by
the known diameter of the metal femoral head. Signifi-
cant migration was defined as a change in the acetabular
inclination of 5° or more or linear migration of the hip
center of 5 mm or more.
Bone–implant radiolucent lines around the cage and
screws were measured in millimeters on the anteroposter-
ior radiographs according to the zonal analysis of DeLee
and Charnley [12]. The stability of the acetabular implant
was assessed according to the criteria of Gill et al. [13]
and Van der Linde and Tonino [14]: definitely loose
(screw breakage or acetabular migration >5 mm or pro-
gressive radiolucent lines present at the cage–bone inter-
face medially and superiorly or around the screws), most
likely loose (progressive radiolucencies present medially or
superiorly), and possibly loose (radiolucencies are nonpro-
gressive and do not involve the screws). Van der Linde
and Tonino [14] stated that breakage of the screws with-
out continuing migration or change in inclination of the
cage should not be defined as failure. Allograft bone was
assessed radiologically for union as evidenced by trabecu-
lar bridging at the donor–host interface as previously de-
fined [8, 11, 15, 16].
Implantation and technique
All revision procedures were performed by one senior
surgeon. The acetabular component consisted of a
cemented hemispherical titanium alloy cup, an acetabu-
lar hook, and three iliac flanges (revision cup system,
Lima corporate spa, Udine, Italy). Although this cage is
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is still used popularly in China because most people
could not afford the second-generation production al-
though it is more advanced because of a snap-in locking
mechanism of the liner [17]. A posterolateral approach
was used in all hips. A trochanteric osteotomy was per-
formed in six hips to expose the acetabulum and the
outer surface of the ilium. After exposure of the entire
acetabulum, the acetabular component, the cement, and
underlying fibrous membrane were carefully removed.
The acetabulum was reamed with progressively larger
reamers until a bed of sclerotic bone appeared. When
we prepared the bone bed for the graft bone, we always
induced bleeding in the sclerotic bone using the K-wire
or bone knife, as we thought this would improve the re-
vascularization of the sclerotic bone and graft bone.
Cage size was provisionally decided upon from the size
of the last reamer and was confirmed with a trial cup.
The contact and stability of the trial cage against sup-
portive host bone were then assessed, and the need for
the use of a reconstruction cage was determined. Two to
four heads of morselized, fresh-frozen femoral head allo-
graft from the bone bank (cancellous–cortical allograft
produced using a bone mill) were positioned into the
cleared acetabulum and were reversely reamed. We did
not impact the allograft bone very tightly with an im-
pactor. The acetabulum was then shaped into a hemi-
spherical form using the acetabular reamer, and the
appropriate acetabular cage size was chosen. We se-
lected the reconstruction cage according to the size of
acetabular bone defect. The best choice of cage was con-
sidered to be that which was large enough to directly
contact the host bone at the upper side, where the infer-
ior hook could be tightly affixed to the teardrop. If the
cage was not large enough, we preferred to place the
cage in direct contact with the host bone at the upper
side because the contact between the cage and host bone
could provide more primary stability than the hook.
When the hook of the device was inserted under the
teardrop, the acetabular cup was pushed into the pre-
pared acetabulum. Iliac flanges were configured on the
outer surface of the ilium to obtain the maximum con-
tact between the flanges and the iliac bone. If there was
still a gap between the flanges and the iliac bone, we
filled the gap around the flange with morselized allo-
graft. The iliac flanges were then fixed with screws. It
was also important that the screw was not affixed verti-
cally to the flange, as this could prevent cutting between
the screw and the flange. The average cage size of the
components was 58 mm (range, 54–64). The average
number of total screws was 4.9 (range, 3–7). A 28-mm
head was used in all 29 hips. Morselized allograft bone
was used to fill the defects. Bulk structural allograft was
not used in all deficiencies.Postoperative care
Physical therapy began on the first postoperative day.
The patients were advised to avoid flexion of the affected
hip joint beyond 90° and to avoid forced internal rota-
tion. Slight abduction was ensured for 2 weeks with the
use of a wedged pillow. Partial weight bearing was
allowed 6 weeks after surgery and continued for a dur-
ation of 4 to 6 weeks. After that, activities progressed
toward full weight-bearing. Clinical and radiographic
follow-up examinations were performed at 3 months,
6 months, and 1 year after the operation, and once a year
thereafter. For patients with relatively large bone defects,
especially at the lateral upper region of the acetabulum,
we did not permit total weight-bearing at 3 months after
the revision. Instead, we encouraged the patient to use a
walking stick or crutch to avoid increasing the burden on
allograft. We followed up the patient every 2 months until
he or she did not feel pain when walking without a walk-
ing stick or crutch.
Statistical methods
The quantitative data were expressed as the mean ± SD.
Statistical analyses were performed using SPSS version
11 (SPSS Inc., Chicago, IL, USA). The paired t test was
used to assess changes in the vertical and horizontal dis-
tances before and after revision. A P value of less than
0.05 was considered significant.
Results
Clinical data
The HHS improved significantly at the last follow-up
compared with the preoperative HHS (P < 0.01). The HHS
mean was 34 (range, 20–45) preoperatively and 80 (range,
71–98) at the last follow-up. This average is artificially
lowered by poor functional scores in some patients due
to systemic and concomitant disease in other joints or
the loosening of an unrevised femoral component, rather
than from an unsatisfactory acetabular reconstruction. At
follow-up, none of the components had been re-revised
and no deep infections had developed. One intramuscular
hematoma required B-ultrasound-guided percutaneous
drainage. There were no dislocations in patients. One pa-
tient with Paprosky type 3B defects sustained transient
femoral and peroneal nerve palsies that resolved without
residual weakness or dysesthesia. No patients sustained
deep vein thromboses. There were no cases of pulmonary
embolism or other systemic complications.
Radiographic data
As for acetabular migration after operation, the mean
postoperative abduction angle of the cage was 49.3°
(34°–60°). At the last follow-up, one implant showed
more than a 5° change in the abduction angle, as illus-
trated in Fig. 1d (right). Restoration of the hip center of
Fig. 1 Preoperative, postoperative, and follow-up radiographic results. a Preoperative radiograph in a 65-year-old man shows massive acetabular
bone defects on both sides. b Immediate postoperative radiograph shows reconstitution with a cage and morselized allograft in the right side.
c After 3 months of right revision, the left side also completed the revision. Immediate postoperative radiograph shows reconstitution with a cage
and a morselized allograft on the left side. d Radiograph taken at 7-year follow-up examination indicates that the bone grafts are incorporated
relatively incompletely as we can see the sclerotic bone formed at the right side around the cage. And we also can see the acetabular cage move
superiorly about 9 mm and more than a 5° change in the abduction angle on the right side, but the total reconstruction is still stable. This patient
is asymptomatic, and his HSS is 98 at present
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pre- and postrevision (Table 1). The horizontal distance
averaged 29 mm preoperatively, which was corrected to
32.9 mm postoperatively (P < 0.05). The vertical distance
averaged 36.8 mm preoperatively, which was corrected
to 19.4 mm postoperatively (P < 0.01). On average, the
revised hip center of rotation was significantly improved.
At the last follow-up, we found that there is no differ-
ence between postoperative and last follow-up at hori-
zontal direction (P > 0.05). Although there is difference
between postoperative and last follow-up at vertical dir-
ection (P < 0.05), only one hip has more than 5 mm mi-
gration at the vertical direction, as illustrated in Table 1
(9R) and in Fig. 1d (right). Radiolucencies were present
at the bone implant interface in five hips (17 %). They
were all partial radiolucencies, all nonprogressive, and
less than 2 mm in width. There were two radiolucencies
in DeLee and Charnley zone II and three in zone III.
There were no complete radiolucencies. Incorporation
of the allograft was defined as the presence of clearly de-
lineated trabeculae crossing the graft–host junction. This
incorporation was complete in 23 hips. Examples are il-
lustrated in Figs. 2 and 3. The six hips with incomplete
graft incorporation are illustrated in Fig. 1 (right). No
screw, flange, or hook fractures were observed.Discussion
Severe pelvic deficiencies present as a difficult problem
in hip arthroplasty. Specifically, the goals of restoring or
preserving pelvic bone stock, placing the acetabular
component in the correct anatomic position, optimizing
joint stability, equalizing leg lengths, and achieving
stable fixation are not readily achieved in such a situ-
ation. Cage reconstruction is an attractive option in that
it acts as a plate to bridge the bony defect, protecting
the underlying bone graft as it incorporates, and eventu-
ally restores pelvic bone stock. This approach allows
later revision, if necessary, to be achieved with a regular
(uncemented) hemispherical cup.
The midterm result of cage reconstruction with mor-
selized bone allograft is relatively better than other stud-
ies using a similar cage construction. Thus far, we have
not found any patients in need of re-revision surgery.
Although one hip (Fig. 1) shows acetabular migration
>5 mm, which is characterized as definitely loose, and
this patient is asymptomatic with an HSS score of 98 at
present. This result is comparable to that of Winter
et al. [3], who reported no failures among the 38 acetab-
ular reconstructions performed with the Bürch-Schnei-
der cage and morselized allograft at a mean follow-up of
7 years.
Table 1 Measurement of vertical and horizontal distances of 29 hips at preoperative, immediate postoperative, and final follow-up periods
Horizontal distance (mm) Vertical distance (mm)
Case no. Preoperative Postoperative Final Preoperative Postoperative Final
1 25.6 28.1 28.5 34 23.5 26.4
2 26.6 28.2 28.5 26 12.8 15.4
3 32.7 40.5 41.3 35.4 8.5 9.6
4 42.5 27.8 28.4 30.5 21.5 22.5
5 40.5 42.9 45.7 37.1 11.1 19.2
6 5.2 24.9 21.2 22.2 15.3 18
7 34.3 33.2 33.5 47.3 29.3 32.7
8 38.8 40.4 37.3 31.8 24 26.2
9R 32.3 43.9 39.1 58.9 22.5 33
9 L 30.6 30.8 30.9 40 20.8 24.7
10 8.5 38 38.3 53.5 12.6 13
11 19 32.6 32.3 45 23.2 23.7
12 7.1 29.1 28.9 27.5 18.5 20.7
13 34 36.1 35.8 34.3 17.6 18.1
14 31.8 30.4 31.3 29.8 16.2 18.1
15 38.8 40.4 37.3 31.8 24 16.2
16 32.3 35.3 36.2 34.7 22.8 23.4
17 31.5 30.2 30.1 35 20.1 23.9
18 33.3 29 31.3 43.5 25.7 26.9
19 34.3 32.6 31.4 38 17.8 18.9
20 29 31.8 32.4 37.9 19.1 20.9
21 27.9 30.1 30.2 36.3 16.5 17.4
22 23.8 26.4 26.4 41.8 18.2 20
23 25.9 27.1 28.5 37.3 23.9 24.8
24 31.6 32.2 32.4 30 19.8 19.4
25 32.7 32.5 31.6 35.9 18.3 21.6
26 29.9 32.8 31.9 39.5 23.5 24.9
27 35.5 34.2 34.1 41.1 17.3 19.9
28 25.2 32.8 34.2 32.2 19.3 20.1
Average 29 32.9 32.7 36.8 19.4 21.6
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construction of the host bone, allograft, and cage. The
cage provides initial stability, and the allograft incorpor-
ation to the host bone provides long-term stability. As
for the initial stability, a mechanically stable environ-
ment is one of the prerequisites for successful graft in-
corporation. The cage helps to contain the graft, protect
it from overload, and prevent movement between the
acetabular component and allograft. In our study, no
screw, flange, or hook fractures were observed. This re-
sult is likely due to the correct use of the reconstruction
cage. In conjunction with the fact that the superior bone
stock is very important for a stable fixation of the cage,
efforts have been made to achieve close contact betweenthe cage’s superior rim and the host bone. Otherwise,
migration of the acetabular socket may lead to breakage
of the implant. The best choice of cage was the one large
enough to directly contact the host bone at the upper
side, allowing the inferior hook to be tightly affixed to
the teardrop. Attention to these details during the oper-
ation can contribute to the early- and long-term stability
of total reconstruction.
The incorporation of a bone graft is a dynamic process
that involves a common sequence of biologic events: in-
flammation, revascularization of the bone, resorption of
the donor bone, substitution of the graft with new host
bone, and remodeling of the construct to provide the re-
quired mechanical support to the skeleton [18]. In our
Fig. 2 Bone remodeling after the revision. a Preoperative radiograph of acetabular cup loosening 9 years after primary total hip replacement.
b Immediate postoperative radiograph shown with a reconstruction cage and a massive morselized allograft. c Radiograph taken at 8-year
follow-up examination indicates bone remodeling has ceased
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reconstruction technique that we believe are beneficial
for bone incorporation. First, we very carefully induced
bleeding in the bone bed for the allograft, which is
thought to improve revascularization of both the scler-
otic bone and graft bone. The upper movement of the
cage may have been caused by poor preparation of bone
bed on the right side, illustrated in Fig. 1 (right), as the
sclerotic bone increased at the last follow-up.
Second, we did not use the impaction technique, as
Tägil and Aspenberg [19] demonstrated that the in-
growth of new bone was reduced in impacted grafts in a
rat model. Buttaro et al. [5] described a similar recon-
struction cage that had failed in 9 of 24 patients with the
impacted allograft bone in an average 34-month follow-
up. An additional important reason is that the acetabular
cage was stable enough to provide the initial stability
without using the impaction technique. Meanwhile, we
did not use the structured allograft for the acetabularFig. 3 Preoperative, postoperative, and follow-up radiographs. a Preoperativ
bone defect. b Immediate postoperative radiograph shows reconstitution with
taken at 5-year follow-up examination indicates that the cup is stable and thereconstruction, as we think this may also have reduced
the revascularization of allograft. Duffy et al. [4] reported
that a similar reconstruction cage had failed in 5 of 12 pa-
tients at 5- to 8-year follow-ups with structure allograft.
Third, we did not permit the patient to engage in full
weight-bearing activities early in recovery, especially for
patients with relatively massive bone defects at the lat-
eral upper region of the acetabulum. Only when the pa-
tient felt no pain when walking without a walking stick
or crutch did we allow a gradual increase in weight-
bearing under strict observation at the time of follow-
up. Full weight-bearing should occur only after most of
the allograft bone incorporation is complete because we
believe early and excessive weight-bearing may damage
the total reconstruction; the reasons are as reviewed
below. First, there was a large variance in incorporation
of the allograft between plain radiograph appearance,
other radiographic examination, and the biological and
histological observations. The plain radiograph assessmente radiograph of the hip of a 58-year-old woman shows massive acetabular
a reconstruction cage and a massive morselized allograft. c Radiograph
bone graft is incorporated
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using single photon emission CT scanning showed the
earliest incorporation of cancellous allograft was at 6–18
months [20]. Mall et al. noted only 47 % graft fill and 36 %
graft healing in acetabular osteolytic defects following re-
vision using postoperative CT scan analysis at a mean 4.8-
year follow-up [21]. Core biopsy specimens taken from
allograft sites from 20 patients showed allograft remnants
remained for up to 18 months after the revision [22].
Although Tägil and Aspenberg [23] suggest that total re-
modeling of allografts is not necessary because ingrowth
of fibrous tissue provides sufficient mechanical properties,
we still believe that the long-term stability of the total
reconstruction under full weight-bearing conditions re-
quires as much remodeling of the allograft as possible.
Second, if performed before the bone incorporation is
fully complete, weight-bearing will damage the entire con-
struction. In a study by Buttaro et al. [24] regarding the
outcome of larger defects, 6 weeks of unloading with
crutches was used, and at 3 years, the survival rate was
90.8 %. However, one of the failed results involved a pa-
tient who decided to fully load the reconstruction, which
resulted in failure. In the Lunn et al. report, we can see
that of the 35 revised hips, there were 6 hips with frac-
tured inferior hooks and 2 with screw breakages, which
may be caused by early full weight-bearing [25]. Some
studies also show that patients at young ages [26] and
lower body weights [27] have increased failure rates of re-
vision because these patients are more mobile.
Our study is associated with several notable limita-
tions. First, the absence of a control group makes it diffi-
cult to draw conclusions regarding the use of morselized
allografts with cemented cage support. Although there
are published data that serve as a historical control, it is
not possible to adjust for confounding between studies.
Second, the minimum follow-up of 4 years does not
allow accurate assessment of the long-term efficacy of the
technique. Third, incorporation of the allograft was only
evaluated on radiograph. Although some authors [28] de-
veloped the grading system of allograft appearance with
more detailed means, they still use the radiograph to as-
sess the graft incorporation. Just like Zehntner [15] de-
scribed in his research, incorporation of the central
portions of the graft was not assessed since the fate of
these parts is still unclear, and there seems to be evidence
that they are not revascularized with reliable probability.
So CT scan of the hip is probably a good solution to define
incorporation despite possible metal artifacts.
Conclusion
Technical decisions during surgery can prolong the dur-
ability of acetabular reconstructions with morselized al-
lografts and cemented reconstruction cages. On the one
hand, the correct fixation of the reconstruction cage isimportant for providing initial stability. On the other
hand, we aimed to improve the revascularization of the
allograft bone (not using the impaction technique or
structure allograft) and the interface between the allograft
and host bone (by preparing the bleeding bone bed),
which may increase the allograft incorporation. Moreover,
avoiding weight-bearing activity too early during recovery
with strict, on-time follow-ups before the total bone in-
corporation may also contribute to the success of the re-
construction. In conclusion, reconstructions consisting of
a morselized allograft without impaction and cemented
cage are a good option for massive bone deficiencies in
developing country, if used properly.
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